The geometry considered here was taken from a US Letters Patent [1] . The abstract of the invention given in the patent follows:
Capacitance of a Three-Dimensional Interdigitated (MIM) Capacitor
The geometry considered here was taken from a US Letters Patent [1] . The abstract of the invention given in the patent follows:
"Abstract: An interdigitated Metal-Insulator-Metal (MIM) capacitor provides self-shielding and accurate capacitance ratios with small capacitance values. The MIM capacitor includes two terminals that extend to a plurality of interdigitated fingers separated by an insulator. Metal plates occupy layers above and below the fingers and connect to fingers of one terminal. As a result, the MIM capacitor provides self-shielding to one terminal. Additional shielding may be employed by a series of additional shielding layers that are isolated from the capacitor. The self shielding and additional shielding may also be implemented as an array of MIM capacitors."
The geometry of the capacitor considered is shown in the 0 Z = plane in Figure 1 . Regions 21 and 22 are the capacitor plates with region 21 shielding the top by being held at ground potential. Region 22 is the hot side of the capacitor and regions 24 and 25 are part of the shielding ground. The space between regions 21 and 22 is the dielectric. Figure 2 shows a simplified view of the capacitor to aid in setting up the geometry for the script. Here the blue lines are the remains of region 1 being an 8 by 34 mil rectangle. Region 2 comprises barium titanate (BaTi 1 O 3 ) that covers the path leading from (0.3) to (1.3) to (1.29) to (5.29) to (5.3) to (7.3) to (7.31) to (1.31) to the upper blue line at (1.34). For a distance of 1 mil to the right of this path, it is the layer of barium titanate. The upper compartment is part of the first region of air dielectric. The two other compartments must be defined as voids so that they will not enter into the calculations. These are given by regions 3 and 4 in the script. To find the capacitance a field calculation is necessary. The potential in the capacitor can be calculated by solving Laplace's equation [1] in the interior of the capacitor [2] . It is given by Figure 2 . Other barium titanate boundaries are held at the potentials given also in said figure. This problem is most easily solved by extruding the geometry of Figure 2 . In three dimensional problems it is always best to inspect the various means of extrusion in order to find the simplest. Figure 3 shows the outlines of the extrusion used here. The same condition is used on the XY plane at two mills above the capacitor plates. The boundary condition on the XY plane at 0 Z = is 0 Z ϕ ∂ ∂ = to yield symmetry about that plane. The capacitor half-height in the Z-direction is 24 mils. Thus by symmetry one quarter of the problem is worked. The conducting plates of the capacitor are modeled as voids. The voltage boundary conditions are applied to region 2 which is the high dielectric filling of the capacitor. The script for the solution of this problem is given below. Lines 2 and 3 set up three dimension coordinates X, Y, Z Lines 4 and 5 set the number of contours on the graphs to 4, and cause the coordinate labels to be in mil (thousands of an inch) and the error limit to be 0.001 ≦ . Lines 6 and 7 set the main variable to be V, the electrostatic potential. Lines 8 -13 give definitions and relate various quantities to each other. Line 9 sets the relative primitivities kdie = 8000, kair = 1, k = kair, the ground potential 0 0 V = , the high potential 1 1 V = and the permittivity of air Eps0 = 2.2489e−16 farads/mil. Line 10 establishes energy relationships. Here the stored energy density is given by ( )
and the total stored energy is given by 
Line 11 defines the capacitance in microfarads as ( )
and the electric field as ϕ
and the electrostatic induction as
Line 12 sets geometrical variables and establishes the magnitude of the electric field in all space as
In line 13 are the instructions for finding the largest magnitude of the electric field and its coordinates. Lines 14 and 15 determine the equation to be solved by finite elements. In line 15
is to be executed subject to Equations (5) and (6). Extrusion of the geometry in the Z-direction begins in line 15. Lines 16 -24 define the surfaces on various XY planes and set their boundary conditions. In lines 25 -39 the XY geometry to be extruded is defined and boundary conditions are established. There the air or dielectric in each region is specified. Line 40 allows the solution to be seen at various stages before the error is sufficiently reduced. In line 41 various plots and reports are made and saved when the solution is finished. 
Computer Program

Results
Note the aforementioned symmetry conditions under boundaries. The total field energy is calculated by integrating over the entire volume. From that the capacitance is calculated for this quarter of the whole capacitor. The dimensions of various parts of the device are in literal form so that different designs may be done easily. The global max function is applied to the magnitude of the electric intensity vector to determine where the largest value occurs. Figure 3 shows the potential distribution in the dielectric of the capacitor on an internal Z plane. It is important to check this figure to make sure that the correct boundary conditions on potential have been used. The Dirichlet conditions have been met and the symmetry condition required at 0 X = has been met for 2 The electric intensity is important because it must not exceed the breakdown electric intensity of the dielectric material. Previous calculations would indicate that the electric intensity may be greatest near sharp edges or corners. Figure 6 shows the electric intensity on the 13.8851 Z = plane where the electric intensity reaches its maxima. It is sometimes difficult to present the E vectors on the correct plane to capture the largest electric intensity vector in a plot.
The script for solving this problem contains many more plots of the mesh and vectors at various places. The summary yields total capacitance of farads. For the entire capacitor these values of capacitance must be multiplied by four because of the symmetry used in this script. In this geometry the greatest value of a three-dimensional calculation is prediction of where the largest value of electric intensity occurs. To actually see the largest electric intensity vector would require the calculation of more electric intensity plots and is left as a task for the interested reader. For every dielectric there exists a value of electric intensity, called the dielectric breakdown strength, which will result in arcing and dielectric damage. The exact value depends upon temperature, density and material composition. The variation of relative permittivity with material composition is given by V. A. Russel [3] . For a dielectric containing 65% BaTiO 3 and 35% SrTiO 3 the breakdown strength of the dielectric is given in Table 1 . December 2014 | Volume 1 | e1167 Figure 6 , the surface of the magnitude of the electric intensity on the 13.8851 Z = plane is exhibited. The sharp peaks in the magnitude of the electric intensity in corners are rather large compared to the value of the electric intensity in the rest of the dielectric.
